Abstract-CNG is compressed natural gas. CNG compressor is the equipment which provides to compress the low pressure natural gas into high pressures. The usage of gases in high
pressures is a current issue in industrial institutions and transportation. However, the economical analysis of rising to high pressure is very important in terms of energy costs. In this study, the working parameters of CNG compressors with high pressures that have 3 and 4 stage numbers have been examined experimentally and the gasoline cost during compressing has been calculated. In the compressors with changing stage numbers, it is aimed that the gasoline cost should be the comparison element beside the working parameters like heat and pressure Index Terms-Compressor, CNG, Energy Cost
I. INTRODUCTION
Compressors are the devices that increase the pressure of the compressible gases. The compressor of every gas has a different design, so it is necessary to design it suitable to the characteristics of the gas compressed. High pressure gas compressors are usually used for maximum storage. These compressors are used for compressing many gasses like air, nitrogen and natural gas and for reaching the high values like 200-500 bars. Piston type compressors for CNG have been used commonly. Figure 1 are used in high pressures. The characteristics of compressors' internal surface must be suitable so that the cylinders used in the compressors can endure to the high pressure and heat. The cooling of cylinder's internal surface must be provided. Compression process occurs by the help of crank-rod mechanism driven from electric motor. Compressors are manufactured on different stages. When determining the stage numbers, several parameters like pressure, heat, flow and noise are taken into account.
CNG compressors in
About 7 million vehicles throughout the world work with CNG according to the latest statistics. It is estimated that the number of vehicles with CNG in Europe in 2020 will be 23,5 million. Natural gas consumption will be about 47 million m3 in this situation. CNG usage in public transport especially in big cities is very important in terms of exhaust emission
The flow in CNG compressors changes depending on cubic capacity, gas input capacity, gas output field of the cylinder and power and rotation speed of compressor motor. High flow of CNG compressor enables gas storage in high rates on a shorter time, but providing a high flow increases the compressor cost.
Gas input pressure in CNG compressors is very important. If the gas pressure from main distribution frame increases, energy and time spent for the required pressure value decreases. The temperature of gas on entry in gas compressors vary from season to season. In summer when the heat of gas is high, the temperature of gas compressed in the stages of compressor increases to high values. In winter, there is no problem like this. Especially in summer, when filling is done, the cooling measurements must be increased during compression.
A. Literature Review
There are a lot of studies on high pressure compressors in literature. The Natural gas devices used in the USA were examined and the information on fertile gas compressors was given comparatively [1] . The design of natural gas compressor with high compression rate was done and the subjects on the items used in design and their characteristics were handled. [2] . The study of design and development of high compressed gas compressor used in natural gas filling stations were done [3] .
There are some dynamic tests in which air and natural gas was used as fluid in compressors. In this study, the changes of flow, heat and pressure were identified analytically and experimentally during compression [4] . Some researches on gas compressors with high pressure and screw. In the study, the pressure change in screwed compressors was shown in graphics according to the working conditions [ empirical study about the pressure distribution of high pressure compressors working. In the study, the pressure distributions of high pressured gas compressors with 5-stages on different working conditions were observed [5] . The performance of multiple stage high pressure compressors was increased. The cooling of fluid among stages and the behaviours of fluid in high pressures were researched [6] . Considering the compression of fluid on the level of high intensity in high pressure compressor, the behaviours of compressor equipment and their pressure characteristics were identified as numerical by finite element analysis [7] . The design was done by using 425 bar pressure and 50-160 0C gas heat range as the design conditions of high pressure gas compressor, and several test results done for 16 days were given [8] .
B. The Comparison of CNG Compressors with Piston
In the experiments in this study, 3-4 stage compressors were used. The comparison of operating and the first investment cost of high pressure gas compressors with 3-4 stage has been given in Table 1 . When Table 1 examined, the advantages and disadvantages of compressor in each number of stage can be clearly seen. Stage number can vary according to the usage aim and pressure. The varying stage number affects the energy cost. This situation is very important in terms of the organisation.
II. EXPERIMENTS
In this study, a cost study was done for 3-4 stage compressors used for the buses which have a tank with 1.176 m3 capacity and work with CNG. The parameters like heat, pressure and flow was observed during the period when pressures of 4 buses, which natural gas was filled in the CNG stations from two different regions of the city at the same time, reached the level of 200 bar. The view of the bus was given in Figure 2 .
Compressors with different numbers of stage in the station filled the 4 buses at the same time. Stock pressures, bus's tank pressure and compressor input pressures can be measured during filling. In this study, energy costs was calculated in the light of different parameters. In Table 2 , the beginning conditions of two different experimental study were given.
The compressor with 3 stage was used in the station where the input pressure is 12 bar, and the compressor with 4 stage was used in the station where the input pressure is 4 bar. The pressure of buses filled in this kind of tests is wanted not to be under 40 bar, but in this experimental study, the tank of 2 buses is under the value of 40 bar. In the experiments, the duration of their compensation with stock pressure was observed.
A. Experiment I
The pressure values in the tanks of buses filled with 3-stage compressors were given in Table 3 . Tank stock volume of each bus is 1.176 m³ . Totally filled volume is 4.704 m³ . First, the pressures and stock pressures in the tanks were taken into the same level during gas filling. The reason for beginning the measurement value with 130 bar that the first pressures and stock pressures in the tanks are different from each other. After the compensation, bus and stock pressures increased together, and it was observed for every 10-bar pressure. It is necessary that the temperature of the gas filled shouldn't surpass 14 ºC. gas input temperature is 10 ºC in the study. The values for gas stock pressures and elapsed time during filling depending on time were given in Table 4 .
B. Experiment II
The pressure values in the tanks of buses filled with 4-stage compressors were given in Table 5 .
Because the tanks and stock pressures are different, the compensation was done in the value of 150 bar. The temperature of gas filled is 10ºC in the study. The values for gas stock pressures and elapsed time during filling depending on time were given in Table 6 . As the compensation pressure began from 150 bar during the experiment 2, the number of measurements is 6.
III. RESULTS & EVALUATION
In both experiments, the elapsed time was measured until the tanks of buses reach the pressure value of 200 bar. In general, gas inputs and outputs aren't always equal to each other, but was the both experiments were done on the same day, the gas input and output temperatures were equal. In the 1st experiment, the pressure became 130 after 3,55 minute, and in the 2nd one, it became 150 bar after 3,06 minute. The time for every 10 bar pressure increase was observed.
The energy cost spent for the compensation time of 3-4-stage compressors was given in Table 7 . The 3-stage compressor spent %21 more energy than the other until it reached the compensation pressure. 3-stage compressor was stabilized in the pressure of 130 bar, and 4-stage compressor was stabilized in the pressure of 150 bar. The energy spent for elapsed time, when 3-stage compressor reached to the pressure of 150 bar, is 2,60 $.
The energy cost spent during compression from 150 bar to 200 bar by compressors in the experiments was given in Table 8 . 4stage compressor spent %14 more energy than the other for reaching the value of 200 bar after the compensating pressure. The total energy spent during filling according to the number of compressors' stage was given in Table 9 . The total energy spent during filling of 3-stage compressors is %23 more than the other. In the experiments, the busses' tanks filled by 3stage compressors have 20-40 bar and the busses' tanks filled by 4-stage compressors have 60-90 bar. As the filling stations are in different regions, the pressure of network input is different as in Table 2 . This situation affects both the compensating pressure and the filling time. 
IV. TABLES & FIGURES

Disadvantages of 4-stage CNG Compressor
The first investment cost is low because it rises into high pressures in lower stage
As cooling cost will increase because of high temperature on cylinder surfaces, operating cost will be more.
As gas heat will be low because of cylinder surface heat, there is a decrease in cooling cost.
Cylinder, piston and additional equipment will increase according to the stage number, the first investment cost is big. 
